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5. Detailed Plan of Procedure (Use additional pages if I more space is required.) 

r v This research is based upon the use of human blood and the Chandler technique 
v,^; which produces a true platelet-head thrombus in vitro rather than a clot. This 
distinction is an important one (Poole, J.C.F. and French, J^E., Ji Atheroscle- 
;- rosis Research 1:251, 1961) since factors involved in clotting may or may not 
have the same relevance to thrombosis. The proposed research is also based 
“f \ upon the results of a pilot study 1 have completed in 60 subjects which indi¬ 
cates that there is a statistically significant increased thrombotic tendency, 

. • demonstrable in vitro, shortly after smoking. (J.A.M.A. 193:1033, 1965-Sept. 

; f 20) (Reprint enclosed). 

, The mechanisms underlying the markedly increased incidence of nyocardial 
infarction in'cigarette smokers have been the subject of much investigation. 
Nicotine releases epinephrine with a variety of resultant cardiovascular 
effects which have not been definitely related to the production of athero~ 
sclerosis or thrombosis (Blackburn,, H., Brozek, J,, Taylor, H*L. and Keys, A.: 
Amu N.Y. Acad. Sc. 90:277-289, 1960). In a pilot study of 60 smokers 
(abstract enclosed) I have found that the thrombosis time after smoking was 
shortened in 34 individuals. The change was highly significant being over 
6 times the standard deviation of the method (0.45 minutes as determined by 
10 duplicate tests). The effect of smoking on the clotting time was much 
less than the effect upon the thrombosis time. These preliminary results 
indicate that there is an accelerated thrombotic tendency soon after smoking 
in many cigarette smokers. In the presence of coronary atherosclerosis this 



Source: https:'//wwwi|dustrydocuments.ucsf.edu/docs/jmw®i®00 
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may well be a major additional factor precipitating an acute coronary 
thrombosis. Heretofore, discussions of smoking in relation to heart 
disease have involved the effects of smoking on the work of the heart 
or on coronary flow with little or no mention of coagulation or throm¬ 
botic factors (Symposium on the Cardiovascular Effects of Nicotine and .__ 

Smoking, Amu N.Y. Acad. Sc. 90:5-344, 1960, and Roth, G.M. & Schick, 


R. M». Effect of Smoking on the Cardiovascular System of Man, Circula- 
tion 17:443-459, 1958). . : .r V 

In 1958 a relatively simple method was developed for the i, p \n tro pro- : 

due tion of thrombi using recalcified citrated whole blood (Chandler, A. • 

B. Lab Investigation 7:110, 1958). Essentially the method involves : 
placing recalcified blood in a plastic tube which is then formed into 
a closed loop and rotated at a speed approximating that of flowing blood 
in man. The end-point of thrombus formation is the time when the 




• angular position of the head of the column of blood has shifted at r ^A ; 

; least 4 of arc from its original position. Subsequent investigators •■':(■■■ 

:V. • corroborated the fact that a thrombus with.a platelet head 1 was produced •' 

. v ■ by this technique, and studied the effect of saturated and tinsaturated 'T-;; 

''fatty acids upon the thrombus formation time (Poole, J.C.F., Quart. J. 

’ . Exp. Physiol. 44:377, 1959, Connor, W.E. and Poole, J.G.F., ibid 46:1, .; i: . 

1961, Connor, W.E., J. Clin. Investigation 41:1199, 1962). 

'* '■ - ■. t- 

y. The Chandler loop apparatus, as modified by Poole, will be used. I have 
, had one of these instruments constructed!, at my own expense, with 2 
' rotating heads so that determinations can be made in duplicate simultan- 
eously. We have performed duplicate tests on 20 blood samples. The 
method is highly reproducible with a standard deviation of 0.45 minutes. 

. We have compared the results on blood aliquots with silicone technique 
and with plastic syringes and pipettes, and no difference was found. 

We therefore propose to use plastic syringes and pipettes. 

A -The smoking tests are done as follows: Patients are seen before breakfast 
/ and before smoking. Blood is drawn prior to smoking, directly after 
; • smoking and 20 and 60 minutes later. The thrombus formation time tests 
;• are run directly after the blood sample is obtained. Determinations of 
’ ; : free fatty acids are subsequently made on serum aliquots and of triglyc- 
■ >v erides in some experiments. (The methods for the lipid determinations 
have been in use in my research laboratory for years. Free fatty acids 
will be determined using Dole's method, and triglycerides by the method 
of Van Handel and Zilversmit). 


; Although the findings in the first 60 subjects after smoking were statis¬ 
tically significant it is desirable that they be continued and extended. 
This will afford observations on all types of cigarettes and! filters, and! 
also on the effect of cigar and pipe smoking on thrombus formation times. 

JFV All further studies of cigarette smoking only one cigarette will be 
smoked in a normal manner. The results reported in my preliminary 
communication (J.A.M.A.-Sept. 20, 1965) were obtained after smoking two 
. cigarettes. Larson et al (Tobacco. Experimental and Clinical Studies, 
Williams and Wilkins Co., Baltimore, 1961) have pointed out that in 
order to study the effects of smoking, ordinary and 1 not forced smoking 
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should be used. It is also planned to do repeat tests of the effect of '%&£$.■: 
smoking in the same individuals (at least 50) on different days in order >:M ,&■ 
to diet ermine the consistency of the response.. This is most important for 


several reasons: (1) It is necessary for the evaluation of drugs that may 


prevent the thrombotic effect of smoking and the determination of statis- ; ; fppyT 
tically significant results. (2) It is possible that determination of the 
thrombosing tendency of blood after smoking may lead to a standardized and 
better test procedure to detect those individuals more or less prone than 
others to the cardiovascular effects of smoking. It is also necessary to 
follow thrombus formation times after smoking for 1-4 hours in order to 
determine how long the effect of smoking persists. 


The effect of intravenous or sublingual nicotine, and of I.V. epinephrine ’ 

and norepinephrine, will be studied on hospitalized clinic patients at the m 
•Cedars of Lebanon Hospital. All studies will be in the postabsorptive • 
state. The experimental design is as follows: An intravenous infusion .•$&!$••• 
of physiological saline will be started and several blood samples drawn 
over a half hour period to obtain control observations of fluctuations : 

;in the thrombus formation time and free fatty acids. Nicotine bitartrate 

will then be added to the infusion (2 mg. m a 10 minute period, to :• 

approximate the amount absorbed when 1 cigarette is smoked) and blood 

samples drawn after 5 minutes, at the end of the nicotine infusion, and 

30 and' 60 minutes later. In those patients in whom nicotine accelerates 

the thrombosis time it is planned to repeat the procedure another day, 

after phentolamine (Regitine) is given to see whether this epinephrine 

blockading agent interferes with the nicotine effect. Pulse rates and 

blood pressures will be recorded throughout. The use of nicotine I.V. 

with an initial period of normal saline infusion affords a better controlled ] jjli 

study.than can be done with smoking. A similar approach will be followed 

using intravenous epinephrine and norepinephrine. If epinephrine affects 

the thrombus formation time the studies will be repeated in the same 

individual % hour after the oral administration of 1 graft of nicotinic . v 4§;£f$!$ 

acid in order to evaluate whether blocking the free fatty acid 1 release 

after epinephrine also blocks the effect on thrombosis. 
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All data obtained will be analyzed by the usual statistical tests for 
significance. In several experiments we have already found that epinephrine r .; 
accelerates the thrombus formation time but more studies are needed. O.r 

_ . • y?}; 

The probable mechanism of the smoking effect on thrombosis is by way of the * _-;> r 
nicotine-induced release of catecholamines and the effect of the latter in VIjT 
enhancing platelet adhesiveness and platelet aggregation (J. R. O'Brien, 

Nature 200:763, 1963; J. L. Ambrus and I. B. Mink, Clin. Pharmacol, and • 

Ther. 5:428, 1964; J. F. Mustard and E. A. Murphy, Brit. Med. J. 1:846, 1963). 
This indicates the study of drugs which either decrease catecholamine stores 
in the body (reserpine), or are adrenergic blockers of various types ■ 'j. 

(propranolol mecamylamide, M. J. 1999, hexamethonium, bretylium, pro^ethnlol.) 
These drugs may prevent or diminish the effect of smoking on thrombus i 

formation. The plan of evaluating these drugs would be to administer them \ 
at the usual clinical doses (several weeks for reserpine, several days for 


the "adrenergic blocking agents) to subjects who had shown an accelerated 1 
thrombotic tendency after smoking and retest the effect of smoking after 
taking the drug. The drug would then be stopped and' a second control 
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smoking test taken after several weeks. It has been reported that 
prothrombin depressing drugs delay thrombus formation as studied in 
the Chandler rotating apparatus. The effect of smoking on thrombus 
formation times will therefore be tested in a group of patients who 
are taking oral anticoagulant drugs for coronary heart disease., 



'.»;JrVsn- 



Mediation of the thrombosis-accelerating action of smoking via catecho- 
lamlnes suggests that stress and smoking may have a final common pathway '* ^r; 
in their relationship to myocardial infarction. In fact it is possible 
that when smoking relaxes tense individuals there may be a decrease in 
/catecholamine release and catecholamine effects. Studies are therefore 
indicated of the relationship of tension and stress to thrombus formation. 
This is best done in non-smokers. Although there is some disagreement, 


it is probable that the measurement of urinary metanephrine and 1 normeta- 


nephrine afford the best estimation of sympathetic nervous and! adreno- 
medullary activities (U.S. von EiAler, Clin. Pharmacol 5:398, 1964 and 
:R. J. Wurtman, New Eng. J. Med. 273: 637, 1965). In these experiments 
blood would 1 be drawn before breakfast and the morning urine sample 
analyzed for metanephrine and normetanephrine. The methods used by 
Westfall (T. C. Westfall, Effect of Nicotine and Nicotine Analogues 
.on Tissue and Urinary Catecholamines in the Rat, Acta Physiol. Scand.. 
63: 77, 1965), will be followed. 






. . . ' • - i 










We have observed that slightly less than half the cigarette smokers 
.tested thus far (J.A.M.A., Sept. 20, 1965) did not have a shortened: 
thrombus formation time after smoking. It would be important to know 
whether these individuals had a smaller catecholamine release after 
smoking than those subjects whose thrombus times did shorten on 
smoking. For this study urinary metanephrine and normetanephrine would 
be determined on the urine sample obtained at the end of the smoking 
test (usually one-half hour after smoking), the bladder having been . 

-.emptied before smoking and a glass of water drunk at that time to 


.. .»■ 




•guarantee adequate urinary output. The amine analysis would' also be 
done on the urine sample obtained before the smoking procedure. 

.All data obtained will be statistically analyzed with the usual tests 
for significance. A full-time statistician is now available at the 
Cedars of Lebanon Hospital to help in this area. 







Finally, an increase in platelet stickiness in half the subjects after 
smoking two cigarettes has been reported (Ashby et al, Lancet, July 24, 
1965, Fg. 158). This is in accord with my published results. However 
the relation of platelet stickiness to glass to the thrombotic tendency 
of blood has never been proven. This is only an assumption. For this 
reason-studies using the Chandler loop are preferable, since a true 
thrombus is produced in a plastic tube. 
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6 . Budget Plan: 


"£4-fW" 
i v :K - 1r- ';. " 


a. Salaries* 

b. Expendable Supplies 

c. Other Expenses 

d. Permanent Equipment 

e. Overhead (15% of a, b, c) 


20, 568 
1. 800 


3, 538 
>28, 391 
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* 7. Anticipated Duration of Work: 


-S. Facilities and Staff Available: 


*3 Technicians 1 salaries, including 97. fringe benefits. 


Three years. 


Wl'Jr'f -v : i : • 


: "it »<* -i^:, 

-if..-: 


fully equipped biochemical research laboratory in the research - 'vHifl 
.building of the Cedars of Lebanon Hospital. I have been doing • •• - . 

: . studies of fat transport for 14 years (see attached bibliography). 

V ’‘t’,’ .r-,V ; .There is adequate work space for 6 technicians but at present • 

nl - . : only 2 are employed!. The lipid studies are supported by the * 

U. S. P. H. S. Several residents at the hospital are available 
; to work with me directly on the wards if funds are granted. Two 

additional machines for thrombus formation time determinations 

• are now being built at my expense by the research building machine shop. 

9. Additional! Requirements: 




• tffJ 1 7 % c* j ti *• 


C-r$m 

' The $1,265 under permanent equipment is for a Turner fluorometer. 

Budget for second year is $28,310, and for the third year is $29,553. 

: (To the second and third years 1 budget a 5% increase in salary has been 
calculated for the three technicians, in accordance with institution. > 
y-fi policy). _ - 


J. £Additional Information (Including relation of work to other projects and other sources of support): 

;^{. 4 ,:» This work has no relation to my other projects. I have no other 
• ;y^.support for this project on smoking and thrombosis. 
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